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Abstract of JP1 1233449 
PROBLEM TO BE SOLVED: To improve 
uniformity in the film thickness of a 
semiconductor layer and reduce the time 
required for manufacturing, in manufacturing a 
semiconductor substrate having a 
semiconductor layer electrically insulated from 
a base substrate provided on the base 
substrate. SOLUTION: A SOI substrate 8 is 
completed by carrying out (a) a first ion 
implantation step of implanting fluorine ions 
into a single crystal silicon substrate 1 having 
a contamination protective film 2 formed 
thereon and thus forming a crystal defect 
region 3, (b) a second ion implantation step of 
implanting hydrogen ions into the single crystal 
silicon substrate 1 and thus forming a peel-off 
element distribution layer 4 in the crystal 
defect region 3, (c) and (d) a bonding step of 
carrying out hydrophilic treatment on the 
surfaces of the single crystal silicon substrate 
1 and a base substrate 5 and then bonding the 
substrates 1 and 5 on the hydrophilic-treated 
surfaces, (e) a peel-off step of peeling off the 
single crystal silicon substrate 1 at the part of 
the peel-off element distribution layer 4 by heat 
treatment and thus forming a single crystal 
silicon thin film 7, and (f) a planarization step 
of improving the surface roughness of the 
peel-off surface of the single crystal silicon thin 
film 7. 
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(54) [£9i®£fM ¥3J#a«©Si£frj* 
(57) [Jgft] 

(a) ftftflW2»j»lfc¥tt l ft£' 

y => >i« i *^£&a ltjm&ihi* 3 

l©-f*VttAlS, (b) ¥*.*f!J=» 

^icsnBi^Tc*^*® 4 %Mffcrz>m 2 w^ftyaAi 

& (c) (d) »M->!)3yS«lStf<-^M 
5 ^E^fbMt&SSriS Lfc&lc m&8L 1 5 
*4l^B^K0£t>tf««!>^:bttIS, (e) JR» 
act 9 y 3 ^Stg 1 &MJBffi7c*&AljB 4 a 

a. (f) ^S'>y =>>»K7<DfaBts©ffi«fi*i6j 
5. 




[»*«n s<-*mm (5) s«-<-**k 
(5) kn&ftic$mi.tcvtm-T?m*m&.m<?>*Bm 

(7) ftgSttT/SS^jgttSSi (8, 16) 

f»1B*8W*:» (7) *»j*r5fc»©¥W#»Stra 
(l) ©^Ea^fi*#Jt«to*#W;*-:'ftS^i-3 

(3, 12) &jetfL-fZ>$Bl<OJ*>8iAJMk. 

MB¥iv#>4Kii«f (i) ommfrbtsiom-^mA 

APfe«# (3. 12) £*MMl7G*&*>Jf (4) 

i-5m2<o^^-vaAXet, 

b9I2-<-^S« (5) £ltre¥*#2tt*m (1) tft 

9 £ 9 SttXUk . 

IM!BBftff5ri:fcioriWBsMM»:««l*« (1) ft 
WIBffl«ffl5cSi»*Ji (4) trlMe*** 
Jl (7) Sr»j*i-5fJ»iet«r3)lffi-5ii:Sr»«t 

[ft^2] Buis^i <d^ ^SAxse-m, tk^> 

*cr^»#ajts«« (i) ^^fe-aw^rtMt-f^va 
ftte/B-r t zaamt-f sts** 1 ie«^¥«^s« 

[II*E3] HfllB^2<0-f^->-aEAXS-CI±, *Sff, 
t ft#mi i- 51*** 1 * fell 2 IBSfcO^atfrg&coS! 
[R^94] ^-*g« (5) sK-<-*g« 

(5) £ttftftK)^L&Rir?*?&J^0¥*ftii 
(7) fcWtTrtS^aWMHR (8) ©JUigtffifcfcjs^ 

(7) *»j*1-$fc»©*ilMMIStm 

(i) ©^ffirt^afttfsjttfctofc^w^fc^A-rs 

(3) ft^sM-S^V&AXigi, 
rw-T^vaAim©*^!-, S^i-ySAIST? 
©aA-<^->5c*t**57c*«r-&tP#ffi^*(C*JV^ 
X, tte¥*fr£4K#tt (1) fc»L*©f«m*a*£ 

7c^«r«rlEi|g^RB«« (3) tlcfefJii/^-CS^iBS 
AP(&^« (3) WtffflMiTeft&ffiJI (17) ftffi^-f 

IftE^-^Sfi (5) £ffle¥«tt£K*m (1) tft 

as i? *> £*>*xm t . 

«^*fr5rtKJ:or«ME^fr««*W (l) ft 
ttlStmffi?c»^«JB (17) tt#-C*lil,TtlWB** 
&Jf (7) *»*i"S«l(iIiSt*Slfi^5it*4*« 



[sS**5] iiSIE&f&Iifi-Cli, mFlS¥*#S«^ 
(1) te#i-*|MMItr, £tt¥4lfl«Ktm (1) co 

§ijf&3i#!ft3i ter-rfc»<o5c^ u < a* <K>ytm<D\t 

(1) K*i"tS£$ylft, (1) © 

a-feft^5 x-^^t: Lfc*H««rrfr3 r t *<&®k -r s 

[M*«7] WEitikia-CH:. #^5E»* 
L< itMMslktA^Si k ft^t1-5tt**4 ftv* 

im*m8] (5) ±tc. sK-<-x£tR 

(5) £«^fci^Lfcra?*?$j^0¥*frJ| 
(7) SrKlfCj*5iiM»*«« (8) <0Sii^!*lc*3^ 

fdB^ftcji (7) &Mi$,-rzizi?)<D¥m#&&tm 

(1) ©*B*>t>fifl:!4Sitt!tW^tv^*vftaEA-f-5 

(3) Sr»j*^-5^*vttAxat» 
«HBiN»(*:»K»H- (l) JilaJcSHflsr^^r^W 
#18 (18) ft^Ki-5J*KX@i:. 

rwj«Biia*afciiE*#ff«Rir» d) k»u 
Hftt^sittStttra (i) -cfntgift^csatfio 

77^^I (18) f^e>t£»i-57K^ftg9IE^ 
AS&«« (3) ?£flM&^3IftlM&IMWe (3) 

«ffc««ffl5a(f^jB (17) sr»*-r*tt»iai:. 

mf!2-<-^SE (5) &flMB¥*ft«K*m (l) tft 

«M&a«r1T5Ci:»cJ:o-ril(rB¥»#*IS*m (1) ft 
H9fSISISrffl7C^^*e (17) SP^-CfiJ3tLrBflE¥^ 
#* (7) Sr»riW*«BtlSfcSr*tf-J-5ri:Sr«« 

[11*99] «ros9£:btfia©itm&fc» m!2tk 
mtT*/v7 r x*m#m (is) fti&iPMKi&^xa 
ftn^-r a r t ft#® t -r sis*:* 8 iB*co^^frs« 

IfSWlO] (5) ±«c, sk-^-^s 

« (5) tm^KJlC^Lfc^f^^fflO^fl: 
JB (7) SrRttTrtSiMMMHR (8' ) <oSii*Sic 

ttre^Ni^Ji (7) ft^-r5fc*<D^flrs«w 

(1) <D*ffi^e>mi;2>5tt«EteAtV^*vftaA1-5 

(3) ft^1-5^^>ffiAXSt, 
SSfB^-^StS (5) ±lc**fl:r*A'7T^iNBiWII 

(19) ftfi£K-r5fieillX^i:, 
g9IB^-^S« (5) £0*^7^7 7- 
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d9) mmetm&iMtmmm o) tz&<9£ 

mtmmm (i) ©-«a»c#u %&*&ftmmtt 

fcifrt r i let 9 , mietK^^t^^^ 7 * 
d9) yfrbftwtfzfcmzmmw&xmm® o> 

«ffcft9iiA,-eSRtSfi>cRMW« (3) fKSOK/BTc* 
#*» (17) Sr^f 5tt»iat, 
KMffla^fT^iiKiotmE^WffaSfiWfl- (1) £ 
ffiEMMfflxS&fliJf (17) SS^-CiM*LTfIffiiNf 

5ct^1t@ti:i-5M*94*^Li oo<Sfii*»CBtt 

[ft*^i 2] -<-^3&k (5) mm<<-x& 

tic (5) i:*ftftK:|ft»bfc««-C*^«jaffl«>¥*«: 
1 (7) &RH"Cj*5¥*f«&R (8) ©»i#ifcfc:*5 

wib^#:s (7) *»riH-5fc»©¥»ft«8am 

Kjg$J87c*£9j£SHA&lfeff* (2 0) Mtflcico 

as^teWB (20) mmmvitTitmzyj&zMmm 
TtrnMsm (21) ^fig-r^^-vaAxsi:. 

(5) *ii«e¥£#£tttm (i) 

m^&ft? z tici.^xffim¥M&m&mi u) & 
ffic«itffi7c^#je (2D SB#-cfd«L-ciffiie¥8j 
#s (7) zMf8.i-zmmx.ub zm-tz r <t &#a* 

r, tmxmftsmm (D ©^Bflji^xaasrff 

5 r tic J: 9 (l l) S^A-fS^* 

-V«iiJ&*Xg£||fi 1 L, 

iORtet&BMItiafrfr 5 r b \z X 9 . jftffi^-^S 

e (5) fi^fi (7) mcm&m&;<f->mm 

(11) *»»tar.tSr#»t1-SIS^3Sl fc^L l 2 

t, wim^-x&m (5) ©^swi^iix&g&fi^r 

i:lc«fc 9 vffig (11) &&f$,-tZ>s<*-> 

WBtJ&fcXg&l&fTU 

« (5) &tf¥4gft)§ (7) fflfci&iaii&^-^ig 

(ll) £RttSri£#mt1-5I8j|t>glfc^Ll 2 



(893©£Mll«K9n 
[000 1] 

10 0 0 2 J 

SOlSWfeS. i©±:9 4SOlS.K{4&*J;9« 
MtU, #BB¥5-2 1 1 1 2 8 

ftfc± 5fc*Bt:^aMine>ft-CV->S. 
[0 0 0 3] fip*>, rcD®5t*ffi«, SSiSRSi lt, 

SS£ l-ftA^ t tz4 ^-^aA® ^^-T5„ 

vaAW©B5lc, J6R*fc±9«*3ftfc5''J=»i'** 
^± 9 fifc-S^-^Sfc £fl£ 9 ^-tJ-frft* if lc X 9 $ 

#**#*L;fci«*S**3l*Sw-r. rftKi.9, -< 

$ftfcl*18©SO I SteWBrtSftS. 
[0004] 

[*W#«HfeLJ: 5 *•*-*««] ±E©J: 54*3S*lfe 
^-T^-XO^g-. 1 X 1 0 1 e ~ 1 X 1 0 1 7 atoms / 

cm 2 mm . r©fc*, *<Dj*>&.Axmx'(D?.>u— 

•fy YtimcXrC. SO I S«©«3gfc*^IH*Si-5 

[0005] mc»L-c s s«siiffi^^y;>A. 

*i2g;-ftyaA^ (-y : 5X 1 0 1 5 atom 
s /cm 2 % 7k^ : 1 - 5 X 1 0 1 6 atoms /cm 2 ) Idi 

«ia^^lfat«#»«^** (1 9 9 7. i o/i*:b 

A^) ©»2^l» > 8 1 8H, 3p-PB-2«) . 

ttfiM-e#*v\ 8ot, -y -*m2&<<±>&. 

bt±**.iz<\\ 

[0006] t.it. -&mc®W'p&mA&ti±'( ^ 
x<>Tftbtimmi§0>mm(oi%-mc&®z*i-z.z>b 



-3- 



\c X o X # 6 ft 5 »JBI©lgJif **»-&© |6j± t> ^IfiE t ft 
5. 

[00 07] *38Wtt±ffi©J; 5'4raHjRSr»»i-5fc 
#l::ft$ftfct>©Tfc»K ^©Bffjtt. S«#JI*XST 

fflv>5^;a-vaAS©<6i&&L< ttaAxs<os««^@ 

[00 08] 

fc*<DS«] 1 KE«LfcJNI 

fcvc, (1) ©^ffi*»e>fi4dSjtK6<j* 

(3, 12) jWBrtSft, r^lcD-r^-ySEA 
3*OSW«f L < ttSMTtttefTtoft SKI 2 <D-< * Vffi 
AlS&feVT, ttE¥*fl«tEtm (1) ©*ffi*»b 
S5 l ©-f^vaAXSi: ttaftSW ^flSSEAiSFftT, 
MEttJ&ttWfi (3, 12) *fc±E¥3Mtt«*m 

(l) ofiJK^*Sr3ltfirl-fc«>wfdKffl5c^*l 

(4) jfflMt£ti5. 

[0 0 0 9] fcyvc, «9^t>*xafci3V^T, tfJ!2^ 
(5) &tte¥*fl&Ktm (1) t*SK9«- 

©i5ft^a«c#v\ (n ts^r 

ttC«ttffl7c»^«Ji (4) »»-e^Dfc«^ft}6«>£E 
*±#^J:9, 3ttfMM3c«^«J| (4) g|S#£it# 

t LttmmtfZi-rZo r©si, -<-x&k (5) ±ic 

ig^j£ffl©¥3*#S (7) ft*i«i!:jgrtf*i:t 
fcft5„ 

[ooio] rw£ 5 ftSS^r&f- |gi©^* 
vaAxg-eii, ^*R&«« (3, i 2) jtisfc) 

fclcftoT, ; &©K-Xg^#-<-rS^Mat/ < f</ <C 5 o 

^©^v&Aiglcjsv^T. ±sm&xim 

m 12) f \c%i<o^a-^xTMt\tm*ii^ 

*^*ttAL-C«l*ffl56*»*JB (4) ZM&LLtz®& 
fcifrg-KUt^T, (l) lcfMBl**9l 

ft2>» 

[0 0 11] C©fc#>, Bl<D^^->-aAISS.TJ : ^2 

©^^aAxg^fr? *>©-<?&>? ftatt^ G-jj-^fe 



T©*A— TV hat(6jJtLT. (8. 1 6) 

K>S)SJcS-fS«fraSr^:«lc®RlTt5J;5^ft'5. 4 
fc, 3?1 ©-f *>&AI@£fTofc&fcSil2©'f;i->a 

(3, 12) cf(cm^e>fij«rffl7c*^g (4) Srjgfig 

-rSA5{-L.fc^g-tce, *r©S<ll!M!5cSll#*JB (4) 
©£&£{£§©[* bo§r (®iBaflltt± 3 a ©ffiffl) i 
iHKZMsl-vffiAK J: 9 *li«5c*»#JB«r»rti-S»^ 
fclt^T 1 /38gfc/h£ < ft -5 i t tftHifcffjfc^o 
T^*. r.©fc», SfH&tfSg2©^;*->&AlS£r 

(om^ono^-rnn, mm%7t%&mm (4) com 
$&&&'(*>t£KMti<o¥m#mmn <n ©&n 

yhfeK^E^-SipKftoT^ ¥g«§ (7) ©8IJ¥ 
^-ttSriUtoSitatBItUrftS. 

[0 0 12] IB3R5l4Kia|iLfci|£3M*:fi«©JfiS*ife 
lc:J:fttf, -Y^vftAlfitefc^T* *Ngflr*E*tsR- 

(1) ^ffiJi^mfiatttu^tvWjJ-vataASjx 

T3f3e»**HK»*bfc**^»|i* (3) iWfcZ 

ft, z.<D&<D&&TM\c}d^x. mm*m&m&#® 

(1) fc#L-t©*Wtgi*as£C$«tf£9fiv«© 
«H&*Mfc3ft.5©lci&:CT» ilBTc^atftfig^^isfe 
ft* (3) «ffc*0ia*^ 3lftlSA&tt«* (3) f 
ttt«L.fc*t«©»«iffl5E*»*JB (1 7) #J&jJ$ft 
5£5>ftS. 

[0 0 13)3:1^ li!?#fc-tirimic*5^T, iJts^ 
(5) ^ffiCiMlfMEtttro (1) bimV& 

©J:5«JIMaa«-#v\ *»*JS«lf» (1) tciov^ 
ffiGSMUB5c3K^JI (17) »»T4Cfci<MttO 
m^±#icj;9. ^8t«IB^3c«^JI (1 7) 

Lfcffl»at^T5o r©fe^ -<-^S« (5) 
±K.m*m#Mo> 1 WU*M (7) 4r»iW«c*rttft5 
r ticft*. 

[00 14] n©J:?ftffiji*fttJ;iitf, ^^y^A 
XSTtt, j£,fl>*Bf&^i£ (3) *t % JtgjWAt^ltl:© 

^©K-XSSr^<-t-5^3ldtft<ft5 0 r©^d-Vtt 

« (3) f {cftj5»F)f8l!OT7c^^S (1 7) at^^c 

[0015] fS#Jg8 (Cte«Lfc¥^*S«©Kig*ffi 

(1) ©sffia^astfttiM&fctvvftfvasttASJi 

T3fjas**HK:»*b*:ISft4i:tt«* (3) «tjg^$ 
«Riafc*^T, ^^StSflff (l) 
±I-7K^HT^7t^*^K (1 8) fr&mzti 
5„ -t LT V r©m©ffi^Xg|Cio^T. MIE¥^^S 

4e»» (i) ^ML^<Dmmmm>±^i>m.&xom- 
M.^(om!nmi)m^ii^<o\zi^cx. ±mAmitr^/i- 
7rx*m#m (is) +fre>tm-rz*.mtftmm& 
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o) ticffis Ln&mnmmRiTimMsfs a 7) # 

[0 0 16] Rvv<\ aS9^^XglC*3^-C, BUfE-< 
(5) £Me¥»#£tt*m (1) t^|fi9-a- 

©i5/iMii;#v\ (1) ic*3^r 

E*±JHc£0, SMMtfBxH&fcJI (17) SB#£ 
«*tLft«ll*4f4. r©|£m, (5) 

±K**&&m<o*m*m (7) srssag^c^-cts 
[0017] ^(oxo^m^mzx^xh. -<*ym 

AIST-IJ, &&XimVi (3) fl*. Jt&W*£^£» 

*WftS^ftM(^r*A'7r* 1 NMHi (1 8) © 

(3) lcfi9atrttttXftitm>HMIA. o*9ttfi 
Xf&m® (3) 4>£ti^e>*M^7c*&ffiJI (17) *5 

[0018] |»*« l o tce«U^iNI{MMK«>Kt# 
ffilCfctiMt. ^^aAXSIO^T. 

(1) ©£Ed>bitiRi$ttfi©*t vW^->*sfiEA$Jx 
TBf^£ttHfc#*Lfc«A*K«* (3) 

j&Kxa&te^T. (5) ±ic 

jMMsr*A'7r^ i NliMI (19) tfjtttefts. r 
©&, l£!)-a-t>*xetc*5^-c, iJIH^-^SK (5) 

omzTkmitT^/isy r*¥&fcm a 9) fiu©si«i 

E¥*{M6K*W (1) *#K9£*>SJi6. ftbfc. 
*fcfciSfc*ivvt\ flrie^-.x&tR (5) Axt*m-ft& 

(1) <D-$.mctt L*©¥8#&«*m ( 1 ) 

9) **>kt£ffc^5zkilitf^fBfcig*fiB«« (3) 
!&9&*iv m&fe&Xfm&i (3) 4>(c{4fiLfc«® 
OfflMtiBlMMMI (17) i>m$.istiZ£.oictez> e 
[0019] &i^t\ fiJ$xgfc:fc^T!tft®i#l6£*L 
5©fc#v\ ^iSttSEtm (1) fc*s^-cwe«l»8 
tSH»*JB (17) »»-C4Cfc«/h«HS©ffi*±#fc 
±9, S0Ei«fSffl5c^*S (1 7) 9»SrMi:Lfc 
•MHSS-TS. -<-^St5 (5) Uzm+M 

&.m<o*m#m (7) tiumzmim* sett* 

[0020] r©J:5*»it^i5felcJ:oTt>, -T^va 
AXgT-f±. IttA^Kfftt (3) &««J*#^J:S 

t\ -t©K-xs£#<-f Z&mV£<t£Z>. ^ 
(5) «!JlC7k^#t*&2St^5*;^-ft:T^7r 
^^ftgl (19) «rj«H-t-5*Kie» &tfr©-<- 



(5) t^frSSW^ (1) SrK9£i>fr3tt 

o-g-fe^xmaqTfafbfcmt-. ^WTk^ffcr^e^r* 

(1 9) *0>*S*ffi£J£&£KStt (3) left 

(3) f>icft^&«miffl5c^«ji (17) 

[002 1] IS*^l 2{ClE«Ufc¥^frS«©S5g* 
SHcJititf, -C*>-aAX|lK*>^T, 
(1) ««ffi*»t> v TkJR&tfBS^tfcttM^dtSHfA^c 

£ftS©fOSi:T, 0fS»$ttHK»*Lfc±IBB*^ 
K«Affl5c«J:9A««A^:RM« (2 0) &tficc© 
&&%fm%i (2 0) «Pfcfl«L*:jM!lJ:9jjt5H|»fl! 
xMftmm (2 1) asjgfi££;h,5. ^LT. Ifi^fcHt: 
I6EJ8VVC, -<-^&g (5) 

(i) ki>W)<§?t>zixiim^ mmxwctd^xm^ 
mi>mzthz><D\zw\,\ *m#&mt& (i) i^v^t 

fteiMMjcX^Jf (2 1) SB#-e±tfc®/M<(te© 

ffi*±#tj;9. mmmm^mmm (21) sb^^t 

LfcS0«#£-f 3. i©*Sj£. (5) 
±fc*^rtffl©¥»#:Ji (7) *J»BER»^**T?#5 

[0 0 2 2] ^©i?^S?jg*fe{J:±lxtf. 10©^:* 

&Xfmm (2 0) £©JBAAB«ltt (2 0) *\c 

&mitnt?km^xi>mmm7tm^M (21) 

fc»j***t5rfcfcsfc9, r.©±5C*45?c*J:9* 
(2 0) &tr94*Aje*&fliJI (2 1) 

asisj±-f3J:5Kfc9, asia^^r^^ys 

A*fT5&8#*<4Sfc», ^DT¥^*S« (8) 
©«jiE5li-S^MSr^:fiK:@tS-e#5«t 

[0 0 2 3] 

[bw©^*©^] (mi(onm<oBm) miRvm 
2 cn^^wsr s o 1 s«©»jt^fcai Lfc^ 1 m 

izti, SO I S«£$S3£-r£#^©g#lS#mitWft 
erB0ic:J;9^$^TV^» fiP*>, 01 (a) lc^-fS& 
l©-T5j->-aEAX@-ci4, »8ii/!)3ySKi (*5I 

-o r -> >J => v»ftj| J; 9 2 SrfigK L±± 

-c\ to*t*->ya5'Wit»u Hf^w-c^-r 

5. 

[0 0 2 4] ^©g-g-, 7yf>fty©K-XilJ, 1 
X 1 0 1 4 atoms /cm 2 £l±. L< (41 X 1 0 1 5 
atoms /cm 2 m±l-^-r-5„ *fc, -T^^ttA^^ 
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#J2 0 OKe Vit^ftA^/^-lC^JWo 
[0 0 2 5] ft, ±f£fgl<0><;r>&AIg-e«m-S 

f ffltl<(j:5 0-1 0 0nmgS) ifta±5fc« 

[0 0 2 6] Hi (b) lC*-T*20-f*Vtt 

AXS-C^:. HUtA^ 9 => 1 <o»BS^e>«nESS 1 

*v*r&A1-5rfcfc:.fc!K tWB»di^»««3*lJ:± 

[0 0 2 7] **-f*^OK-X*Ht. 5X 

1 0 1 5 atoms /cm 2 ELL, »* U < ti 1 X 1 0 1 6 at 

oms /cm 2 J£Jlj:l£iS:£-f So >ftVi*Ax^ 

9=ySfil<Ofi4 5 0 nm8«©8*) fcfcT-*4r» 

f&LtcMfiftMZ'&X o k-FZ%rfr\a^ ^50KeV 
m&<DikA**fr*-\zmfe'fz> r t lefts, 

[0 0 2 8] CrT% 8l^)>ftyaAIlTO7y* 
^t^K-XMl X 1 0 1 5 atoms /cm 2 , ^<D^ 
t^A^^D2 0 0KeV > #2 0Vf 

t>ftAIfiW**>f ty© K-XiSr l x i o 1 6 
atoms /cm 2 , ^^jJ-^jtA^l/^-^S OKe 

ft 60 

[0 0 2 9] ^Lt, r©i5fc«JW:»««32ltf« 

gf*, ±E<Di5*«l (7y*^*> : lX10 15 at 
oms /cm 2 , tK^^T^V : 1 X 1 0 1 6 atoms /cm 2 ) 



p 4*# * ft t*<om^ L < tf->«r 

[0030] ±|E* 2 tfM ^-VffiAXS^HfTftfclfl, 
81 (c), (d) ^*-TK9-&i>frlS*l(3Tr*. 

^O^^aAW^MSrSW^-fr^o 
ft fffc <fc 9 *&-ftRff©^ y =i yBWUJI J: 9 ^SlfegSS 

[0031] ^eiv'JaySfii^tyft 

sffi^«ia$*tfc«t»tia^b***t©fi^j^ (h 

2 S04 : H2 02 = 4 : 1) \C £ ZmfrRTflft&mft 

ifM£ir> y =* v l &tP<— 5 Sr±8BS*fl:»3!ffi 
■C****ri69^t>*<5. ;iftfcJ;9#ia8lJU*5 

[0 0 3 2] iSj x z<omMMx*n. m&§,i/V 3 y*K 

2 t icij; 9 f£ 9 £fc> 

ft^^«JK2 $:SO I*glCl:fctf5&&#»K£ LT 

»J*i-«i3f#*<fcS. 
[0 0 3 3] ±|BIfi 9 ^fc* X8o*ff« id ttH 1 

(e) \^-fmmj:m$:'iT? 0 r©ffj«xa-ew:, wfi 

»J«^*^*S4ffl4>T«BI!ti-5*>o-e*>9, 

M^so i*US#»j**ftar £lcft* 0 
[0 0 3 4] rot^, AflcttlcM:. **1MI©J:5*j: 

tzh<nvhotcm&\a^ 5 o o-6 o ox:m&-omtSk 
asrfr5rtds»*u\ r<^)J: 5ftHft^SicJ:oT, 

EB*ttfc**fcJ: 9feD5«/hftfi©JBE**±IH-5 
cfc5l-ft9, r*i^CTSBE««fl35c*4>*Ji4»» 
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[0 0 3 5] Z<DMMZM(DmST&lCtX. 3I*«^T& 

iommWAi 9 Kit ( i o o oiceLb. 0* L< tt i 
l 5 ot-i 2 o once*) oJW63i*r*i-r. fcfci 

[0 0 3 6] Z(DHfe. ±E<0i5**»SVP=^» 

fc*lc. */han*4-f*ri: lefts, r<£> 

fc«rri:R:j;9, ±E*«JKftira/h»S£»*LT 
B5tt*S:fi±***i:V^5¥«4Kra (Hi (f) # 
IB) SrlSfrU »Tfttl»fcHBi (f) fc»*"J:34 
SOIIS8 (**W-CV>5^*ffS«tc«S) «r^l£ 
£i*6<fc?tci/TV>£o fib. iETOflsiSttiaHc 

[0 0 3 7] f&k HKca«rBr¥tS*^9a^i«Ml7 

■ $ 3 ^ t ^ ^ m z&m z&zmik 

[0038] JifBLfcSO I WSL 8 0>WbJftsl£ iith 
DT, ±Ettfi^tt«« 3 tlcg l tyftAISt 

x, w&M*i/})^>'mmiKmMm&£3\$&^<D\z 

[0 0 3 9] Z<Dlt*>, »lW^aEAIgRU s »2 

o-f^vftAXSSrff^t^fcOftdSfe. *>r*>a 
AXB-CCD K-X*£ s 1 J: 9 HREffi 

[0 0 4 0] r©rfcirJMt*ft3l««ra|tlfTia!H-J-a 

Lfc»£. JR«fflliCiS:i:T±EiW«W7c»» 
#8 X 1 0 1 6 atoms /cm 2 U&<D Xft(CK^1"5 



-TsJ-^K—XAWLl X 1 0 1 5 atoms /cm 2 *lS. ffj 
8Ufl7C*3MiiJ5f 4 <Dlt)b<nfo%4 ^" V<7) K— Xfttt 1 x 
1 0 1 6 atoms /cm 2 mf£X%t!^t&m®&){zWbfr 
fcfcoTV>* 0 

[0 04 1] ^0J:5^i^tyaAIgM$2 
<D4 ^v&AXgSrfT 5 ^ttA^fS^fto 

o. 4 5$fffiu& mma*. :©ii^igra« 

©fc»te5-l 0 T&tf<OtC*tLT. 
<&J«t;*ifc-Ctt, ^K*>r^^<0ttAi*rad s 3. 2f^fBm 

«lXT/fS2©>fd->ttAXS«:iiCT©^W-X2y b 

X&mcfa±.~fz>h0>~?h*). soiSK8©4SSiJii? 

[0 0 4 2] *fc, *Hlfi«oJ:5l^ ii^tya 
AXfiSrftofcfcUim 2 ^tyftAIg^ff 5 <fc 5 K 

»*S4Sr^^S<t5^U^*&(ci^ ^o&MUHtg 

^4 vvf * ^&A*"C»tE«|)tSr*a Ufc n t fc J: 8 fc 
OTfc^ ^M^i/i; ^>^M7<7)MJ?^-^^ig^5 

a. ±EK l *Jfc«lc*5^-c, mi 

<o>r*vftAxaatfSB2(o>f*>'aAxstt. 

[004 3] (SS2 03at<z>jg|B) B3At^H4K:r» 
*M©»2iaS«3&s*$nT*5 9. BTriifcov^Ttt 
E«lStl6«iJl4S*B»fcov^ro*RW-i-a 0 ML 
H3ftinB4tt % «nBHl2:n«^SOl»KtrS3ftr 
S»^^)S*XSS:«S*?jft»fffiH^J: 9^bfctOT* 
fc5o BP^>, ^<z>^2Sfe««tt, SO I S«lc*5ttS-< 

[0 0 4 4] 0 3 (a) fc*-T^->1Bift»* 

ifK:J:oT«*»«c|6iaB!9 (B4 (j)#J(R) irftS 

^^t5^^ta») v as/ 5 a vjk 

10t«*tS. ^^IC, CVDftftifJClioTftlfttt 
td«SJfi9tft5^yaV^blg9b«r^g[*-fr. EAT 

[0 0 4 5] B3 (b) l^tSl^t^A 
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14, -ymmi i<o#4icigE9Lr^ffofc« 

1 0 1 4 atoms /cn> 2 gU:, # * L < 14 1 X 1 0 1 5 at 
cms /cB a fiUkteRj£-r*. *ft, <1 

[0 0 4 6] i©&(£J4, B3 (c) , (d) 

•f5 ft.«>©S& 2 ©^ * vaAXSS: 2 @{c#ttT SSfrt- 
5. o*0. $l&%i&X!&n® 1 2 •f>fc]|t|&Ai' 

Jf 4 •SrJgjfrtSfc.ftKB:, * V&A3i#(D#jg©t8§ 
fc i 5 -f * VttAai^ ©SEfls*** LT-Y *y SA^* 

Aie* 2 si^rtfsifrt-s & ©-c-fcs. 

[0 0 4 7] jyfrtfll-tt, ^2©^^gEAIg-ett:, 

s-r, as (c) k*i-4 5£, mm&isv=>mtiii 

A«rff5wi:tJ:9^*^aA«*4at»j*-t*. ft 
tve, IS 3 (d) Ic^-fi 5 K> ±tZWi?xhs*fi-> 
1 3Sr«HLfc*K, l 1 icjatt** 

y = >K l 0t»iS:Ui-Wt7* h 
KiS^s?* h/^-yi 4£j&£u r©t«g-C2[Hl 
B©*^*v©ffiASr, ^w^ySA^A-^-Sr 
l[s]B4 9*#< LfttfjiT?*? 5-^49^ tvSA 
WJE4 bSrJB/fc-fs. ft, *^*yfflK-Xtttt> 5 

XI 0 1 s atoms /cm 2 RJb, fr* L< 14 1 X 1 0 1 6 
atoos /cm 2 gl±lcs2£-f 5 0 Sfc, h/<* — V 

1 414, ^*>&\«fc:*«3;h,S. 
[0048] KlBSO t 2lHlS©^*>-iiA 
3L*,i^-tt. ^^-^aA^«4 aM4 b<D&g.if- 

*tfcJ: 9 , JftJ&NMWK 1 2 «fkmu»*>>y => vSfi 1 
©^E £ mi Lfc#t«-C»* LfcfMUflXS&AiJI 4 AS 

[0 0 4 9] *fc, r©#§-K:i8v>T\ 7?^*y«) 

©«fbfcjl*UH:«flWW»*»l!:*ftL-CV^6*»fe. At* 
*i*U5rtS«v\ o£9, ftfal&ftffKl 2»4, 
■t ©8*4*1 x 1 0 1 9 atoms /cm 3 »±fctvtfFr$© 



[0 0 5 0] ft, BtfiSBl^^aAXgSr, ±j£L 
ft. 4 5 fcSS 2 ©-T tvttAIg t WH&<D¥-mz 4 9 2 0 

D = vg« l z>mm t Wr Ltztt&XMii LftJSalAte 

[0051] &ic m3 (e) u^wbawtBtia 

t?f4s fflji^-VSiil 1±K, CVDft^PVDS 

&£*£ffl^T#-*S B |v'y rwr^vjay* 
^fiHMbS/ y = V* if 4 9 jft*¥&4b&»R 1 5 
-f-5. r«D«, 113(f) {C*-rftS!J^-fc>*ffi^xe 
T'»4, ifS^Sfc&Sigl 5©*ffi£W£1-3-£l-4 
9, T»fcftS«Bi/<^->«il lKfiH-fi«iB« 

[0052] r©&KJ4, H4 (g) , (h) t^-fftS 
9^fc*xm^*fir-f 5, ^©ftS9-g-*3-&XS-C(4, 4 

-f, ws*v9a>xcii&i3rts¥ttfl^eagii 5© 

SB, JtWK:-e-^*«5©*iBK. HUM £ 

tf"CK 9 r*ilc4?)#£«lRU ! 5f4, 
<OSBic^$tvft->7 / -/vSRt/^Sf-!K# bft* 

[0053] ±iEifi 0 &t>-&xm<Dnnma-i® 4 

(i) K«-f«]BliaSrfT5. i©*iJ@SISt?(4, **! 
£ 5/ y 3 >SS 1 At^-^«« 5 ©-frfelc^f LT. 
Bl*te«sJtl^«cofJMaSrffii-ri:(s:4oT, 
-> !) >S« 1 »«||BMtt«7c3ll^«JR 4 
5t><D-C*>9. riilc4 9, ^-^Stg5±icSiX^^ 

- >mm uttzijtLx ¥^ B % ^ y = >#m 7 *s«^ 
[0054] zomrnxmomnm^ $\%ifc^xm 

ft, tttf£ttA&K«* 1 2 57 s/ »©^bI« 

AS) Sr*ffU »T*»ttk:BH4 (j) Jc*-f4 5* 

aii^-v«i§i i*iix.fcsois«i 6 

5. ±ffi¥Sfllxei4^SCI&C-CfTA.tffiV>t>0 
[00 5 5] C<7)4pJcSfi£Lft*0l^0iJ»c:4oTt., 

->y 3V»JR7£ilii^^-V«iil l fc©K©^-ffi 
*m&*s y = >S« 1 1 rftogBKJMMbSe £*(- 
io-aMtSftft'/y 3vK<kK9 a £©#B{c«s-t 
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<5 0 

[0056] ft, ±mm2^mmv^ s<?*->mm& 

frU r^mi-, ¥±SfcSl^ilXg. I£9£:bit-c§^ 

xm. &9^:b^xa. fjj^xe^^^^icff5c<b 

fg2 3£lfc#JOj; 5l^2 0^^>ttAXS^2 

[0057] (S3 <ow^<onm m 5 IC^^^O^ 
mch 1 1 mmc s o i m&&mm-tzm&<om*xm 

[0 0 5 8] BP^, 115 (a) K^t^^&AXg-C 

ft. »lHJ£Wc*3ttSSl^^->aAXS^^« 
[0 0 5 9] Cl^ft, B5 (b) ic:*-rit»ia-ctt, 

±!M*V£AX@T*<0&A^V^ifi (7y» 
i&£ (5 0 0tg«E(±) OTKffii:?)®:^^^^ 

-\H^^r y t LT7Km£*r r tic x y> WMt 
[0060] ^<D£otm$m\z.j&tx^ ima*9m 

f9«ffl7C^^S 1 7<£>*lffS£tt, 1 x 1 0 2 °atom 

[00 6 1] ±!EO <fc 5 4MBffl?cXft«J| 1 7 * 
»*r*©lci5«ftjRWi««FlH (lt«XS<D9f3l«FR|) 

;LtfS. J.Pearton . J.W.Corbett . MStavola IFtf) "Hy 
drogen in Crystalline Semi conduc tors" ,Springer-Ve 
rlagttJSfU (I99l¥l0fl) ICEtt£:ft/C^5 J: 5 

&&%X (cm) <D¥*S»±, 
X= (D • t) *^ 2 



T^iP>tl5 0 ffl U Dfitefc^S (cm 2 /sec ) , t 

[0 0 6 2] D = D0 -exp(-Ea/kT) 
flU DO \$M^Bm*:<DtZ<DD<DmX\ DO = 
4. 2X10 - 5 (cm 2 /sec ) % Ea tt&1&fcx*A> 
(=0. 5 6 (eV) ) , kHt^^Vftft (= 
8. 6 6 7X 1 0" 5 (eV/K) ) . Tttfflft (K) 
XhZ> 0 

[0063] mx.ti. mtmm&& 2oot % mffevm 

l2^Wl0 0nm^iT, m&&isV 
1 *iC4 0 0 nmO»Si-e***ttll*t5B©«» 

[0 0 6 4] ±aBoi5ftitfl:xsojll?ftfc 
I*. E5 (c) % (d) l:*tB9^b*lS*»iH 

3HE5i:*K5^*>e:fcft^ B5 (e) ^^ffJ«X 

1 Sr*J«ffl5cSI^*Ji 1 7»#T?MBU S O I 

uzmimmmtmmicmnLx. ffimwiiRxf5<n& 

fc. as (f) ic^-rw-mtxn&mmi&wtmmz. 
[0065] i<7)S3 mmmc x zm^miz iot 

mmmi>m<ftz>o */c, r^^tr^tL^^axso 

«S«"e«Ftft>o-cfe9. -r^-vttAxe^^tA^xs 
SriiCT^/v— T'V h^, TK^^-vcoiiAO^^ 
pft^lJgirJfejcJt^TfRiit-Sfc^-efc^, SOI 

[0 0 6 6] jSj, COi3S»Jl3^t, 4£»XS^ 

tAv\ */c, &«xmTffi^-r65c^li7K^tc:ISb 
■f, ^y ?Afcif NH4 , CH4 . H2 O 

[oo67] 4 (ommcomm) m e ±mm 3 
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[0 0 6 8] 8P*k 06 (a) K^-TWd-yaAIHT- 

^!fe»flaB2«i»»e>m»i7 yaw 2i-v£aA-f r t 

[0 0 6 9] fc|C % 06 (b) K^i-^RIS-Ctt. m 
(b) a*0«IMILfc«tS»t) fclsvvc, 

3>fflli8ri» viiay^xy-^ (Miffs i h 

4 ©Ar£fcttH2 SrffiV^fciSSJS^7X-v 
CVDffi(CJ:ort»)x.tf 3 5 Ot, 0. 5torr©&#T 

t-*igf$ix^t>w-e. *©**JMEtt. t»lx.rf5xio 

2 1 atoins /cm 3 Sa<!:$^5„ ifM^C7^:)Vy 

[oo7o] ;l©&, 0 6 (c) ic^-rittscxm-ctt, 
(5 o oxmmu±) otim» 9ttb*UE«>*k«a* 

Met. r©±5*flMaaK:*CT. im\K7*:^y-r*. 
v-y^vSIl 8l»^e>Httt2:»-f57kiS^S&l2^£^ISfi 
fl«3*Ki&9&*;h.5,fc?lc*9. rtv^iUS^ 

SStt. 1 X 1 0 2 ° atoms/cm 3 U±.\Cj&&-tZ>~b& 

[007 1] ±M<r> X. o ftttftlSoUffltKttx W2. 
tfTMAH^V^li7 s>$ll&m©^ s» 9 1 >?WL&$m VX 

trffofcftlc* B96 (c) . (d) K*-fBS9^b*I 

XS-eii. «Sfe«S^2©B5*^ 

-^attR5t*»D-&*3*S. r©&lc:, 06 (e) ic 
*1-««iaSr*l|(afc«i:IS«iK56fTLr, WSAf 
y3V*Kl«r««ffl3c*»*«|l 7«^T«HL» S 
O I HiftttMtt-S. •«tz&4>IH?fti::ift& 



sot 5 ©as 9 &t>^o>&&ii&vmt j &£&xt(mm 

«:Bofc*te. iii6(f) \z.m-wmtTMz%imm 
fflbmmcmnvx, so isss^^s^-ar^rti^ 

[00 7 2] w, r©!B43Wfc«fcj3v^r. AS^fUl 

b vxmmzitzffii&b-rzm&ia-t. fcmtr^y 

fcjfc fi 1 x. tf a ^ t ©-e $> 5 . 

[0073] (^5 ©*is©^ffi) 0 7 iai. ±nm 4 
9, skTztuzi^xmmftiinmwRVf&4mmMb 

1 £ MftK s o i mm*Wkt 5^©S*x@*«S; 

[0 0 7 4] fiP*>, 0 7 (a) {^-rW^-ViiAXST- 
tt. »lHffi«9lc*5lt501©'f'd-VttAlStlB]«© 

tm&n?. #ctc, 07 (b) ic^-tT^Biie-m. ^ 

[0 0 7 5] i©^ 07 (c) {d^-tftSU-g-fc^-Xg 

fcitfTr*. i©ifi9^to*xmt?i4 > *1\ 

y =»VS«1±©^^SM2 (C^tt«^6<jlCSO I 

ftr**M*rfTofc«fc % ^©^»3K2©^ffi, M 
tfic-<-^.S«5©*^-ftr^V7T^->y 9 

bwmo&Mtim&mt. r©«i^ ¥^ B B B ->y=>^ 

[0 0 7 6] Zfe^T?, 0 7 (d) IC/TvTffil&Xg-ett. 
-t©S9«t^*dS^C5iBft (5 0 0t»±) ©TfK 

ffli *>i&^mA<omm^m-o -©i 5 ftf^&at:^ 

ffimyzmffism l 7<0^.mWk&H. l X l 0 2 °atonis/ 

««ffl7E«»*ji 1 7 «r^r«<oic£>s«iRMka^n 

(fefcxe©3fH^Pfl) illE^3|IJ£0!lJc*3^2>ttf: 

[007 7] ±IB©J; $*8*I«©j|fif«teHU 07 
(e) K*rfJHIia«rJSlWt«i:IBI«KII1TUr» 
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m&is 9 => >-ss i ^mmmym^m 1 7 n»nn 
mmm 1 &tK 5 ©as 9 &t*tm(o&&m8t<D%ut j $m& 

Mim®. 3 Sr**-tS 7 ^ *o«r Aflligf «>6 ©Jffifg© 
ffiitjfc^«riaofc«fc, 137 (f) {c^-T^a-fbXSS: 
miUJS^t^CII^LT. SOI1S8' 

[0 0 7 8] |fi, r©»5*lfc«-Ctt» JMSftV3a> 
SS 1 «0&!feftaK2 & * s O 1 Mtt^^A 

[007 9] 6 ©HJS©^<§) B 8 £tt*£9]0>Jf| 
[0 0 8 0] BP*,. i8 (a) USt^^yffiAIST 

y = >mmz. <o j$.z>m&&mm 2 tan l±±x\ z 

ik&fo (CH4 „ SiH4, S i 2 H3 „ H2 O&if) 
[0 08 1] C<D±5**^'fk«lSr-<^-VttAi-5±-C 

v^Ti?«8*»oaRas^rin?fc5. AttteKii, ch4 

BSK* CH4 + ©MIC S CH3 + , CH2 "\ CH + 4 

b*<?>7k%itV)'<*>&&&tz. zixtbOTkmtmt® 

a v»p-c*J&i::lg,i*R&«*2 o*J&8 

o aklsb $ n 1 1 ± 9 M*AUG*d*>je 2 i im 

[0 0 8 2] ^^EEA^/l^-il, 

*tts«*2 os.Tj ( *jiiffi7c^^e2 1 zm&L-rzmz 

14, Lfc^r 5 x l 0 1 5 atoms /cm 

2 £lJh, #*L<lil X 1 0 1 6 atoms /cm 2 RJb,bfc 

[0 0 8 3] Croil:!!, i8 (b) , (c) iC^-TftS 

9 =>yg;tei t^-xmm5 tzmstttzmc, n 

8 (d) K*i-«ltiaS:*lJlltfli:BI«lJ:jWTL 
t, *^b%-> y => v£« l frfdMAl 2 l 



JB»©««4i?&HofcaK:. 08 (e) lc*-T¥ffl<b 
Ifi*»13iaS«i:ISI«K*fTLT. SOISISS^ 
£ lefts. 

[0 0 8 4] r.©«fc?&soig;£8©g!jg;£ifcic:.fc;h, 
v*5E*KJ:5«ft*RMW*2 0£, relirAAiefl(*2 

o f lazm* titcfcmc x zmmmTc^Mtm 2 1 am 

mcM&£tiZzt\cti:iX. tO-ftvftAlSw 

££A 1ST*© ^ — y s> M*lR)±-*-$&*fc, »1hU- 
5>ttT-f^vaAS:iT9^M^<^5t>©T l feO, & 

ct s o i s« 8 <o§imicmi-z>mmz*m\z.®mx'Z 

5 J: 5 left 5. 

[008 5] (*©fi&©*lS©J£fi) #3g9lttJbiE Lfc 

ji/<^-v«it©Sjg^^ 3 6 ©^-5lffi0tJ 

^y=>-«ffilSrffll>5«j|Ei:Lfc^ 4^7ci^Sri# 
fc Lfc^fls-CfctlWr, Ge, SiC, S i G 

e*v^tt^^*^K*^©«R«rfflv>5it^-C#, 
«fcMMlV9 3VS«c^. *^Bi«L<l±#?Lir->y 

^mtrt^7r^m#mtLX. **^r* 

mtLtztK z.tibi>m<o¥mft*tn&jnzj&&vxt> 

[00 8 6H-xSg5©TOiLtti, ^el->y 
= vS«{cffif>-r, ffi©^»»S«*v^ttJ6iStt€r*i- 

[®B©«^*SiW] 

[Hi] #389>!©£ 1 3^{RJtc J; 2.Sa5g^fe^^1-«S: 

[H2] «jsa+oa»-c«>*itft^y=>'a6iE+«)7 

s» ^Sl/TK^wfiS^WT'n 7r-f ill 
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